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pneumonia (CAP) with acute respiratory failure (ARF) are the two most frequent respiratory conditions that may necessitate mechanical ventilation, and both can be fatal [1] .
Patients with AECOPD have a short-term mortality ranging from 3 to 30%, depending on the severity of the acute episode and the presence of risk factors for death [2] . CAP accounts for a reported mortality of hospitalized adults ranging from 5 to 15% [3] . Severely ill patients with ARF, AECOPD, or CAP should be admitted to intensive care units (ICUs); however, because of the limited availability and high cost of ICU beds, these patients are often admitted to other units or departments. Where patients with ARF are admitted is an important issue that has, to date, been insufficiently explored. Whereas a number of recent studies and international guidelines have focused on medical and/or supportive treatment options aimed at improving hospital survival of patients with ARF due to AECOPD or CAP, less attention has been paid to the inhospital management of these patients outside the ICU. Some European surveys have found an association between high-quality specialized hospital care and better outcomes for patients with AECOPD [4, 5] . Respiratory intermediate care units (RICUs) were introduced in Europe to improve the management and prognosis of patients with ARF, regardless of its etiology [6] . RICUs are specialized dedicated areas that aim to optimize the costbenefit ratio in the care of these patients, mainly through the provision of a lower level of nursing intensity compared with general ICUs. The opening of a new RICU at the University Hospital of Cattinara in Trieste (a general hospital that lacked a specialized unit for respiratory diseases until 2003) provided an opportunity to retrospectively compare the impact of RICU care, as opposed to care in internal medicine units (IMUs), on the survival of patients hospitalized with ARF, AECOPD, or CAP.
Materials and Methods
We performed a two-step study on patients admitted to the University Hospital of Cattinara during the initial time period after the opening of the new RICU. Firstly, we analyzed the discharge abstracts of consecutive admissions to the RICU and IMUs for ARF, AECOPD, and CAP, comparing outcomes between RICU and IMUs. Furthermore, we performed a matched case-control study based on complete medical records in a subset of patients of the same study population with ARF in order to evaluate differences in care management.
Study Population
We studied all the consecutive patients admitted during the period of January 1, 2004 until March 31, 2005 to non-ICUs, nonsurgical units at the University Hospital of Cattinara, and discharged with a main diagnosis of ARF, AECOPD, or CAP. In patients presenting multiple acute respiratory episodes during a 90-day period, we only included the first episode, assuming the subsequent admissions to be related to it. The study was approved by the Ethics Committee of the Azienda Ospedali Riuniti di Trieste.
Hospital Settings
In this study, we included patients discharged from the following hospital settings: the RICU, the internal medicine wards, and the emergency medicine unit. The RICU is a 15-bed unit with 6 fully monitored beds equipped for mechanical ventilation, a nurse-topatient ratio of 1: 4, a pulmonologist continuously on duty, and respiratory physiotherapists as members of the care team. The four internal medicine wards each have up to 60 beds, none of them equipped with a full monitoring device or mechanical ventilator, and they have a nurse-to-patient ratio of 1: 10. Furthermore, at night, there is only one physician specialized in internal medicine on call for all four wards. The emergency medicine unit is not a short-stay unit. It has 24 beds, 12 of which are fully monitored and equipped for mechanical ventilation, a nurse-to-patient ratio of 1: 4, and a physician specialized in emergency and internal medicine continuously on duty; however, there are no respiratory physiotherapists in the care team. All patients included in this study were initially assessed in the hospital's emergency room and promptly admitted to the different settings according to the availability of beds. Patients with end-stage disease (e.g. stroke with severe functional limitations, metastatic cancer, etc.) and/or palliative treatment (e.g. DNR or DNI) were excluded as they were prone to selection bias.
Data Source
We first evaluated the hospital discharge abstracts of all patients with ARF, AECOPD, or CAP. Discharge abstracts are routinely collected by the hospital information system of the Regional Health Service of the Friuli-Venezia Giulia Region, Italy, where Trieste is located. They contain patient demographics, admission and discharge dates, up to six discharge diagnoses (International Classification of Disease, rev 9, clinical modification, ICD9-CM), up to six clinical procedures, and status at discharge (alive, deceased, or transferred to another hospital). Medical records containing clinical information and medical interventions are available in the hospital data set.
Outcomes
The primary outcome was in-hospital death for each acute respiratory episode during the study period for patients with a main diagnosis of AECOPD, CAP, or ARF. Furthermore, transfers to ICUs were identified from hospital discharge abstracts. The length of in-hospital stay for each episode was also measured. Potential confounders for mortality, such as age, length of stay, and major comorbidities (chronic heart disease, diabetes, chronic renal disease, chronic liver disease, chronic respiratory disease other than COPD, hypertension, psychiatric disease, cancer, neuromuscular disorders, and obesity) were considered in order to calculate the between-unit adjusted odds ratios (ORs).
Case-Control Study in Patients Admitted to Different Hospital Settings
In order to investigate the potential determinants of different outcomes, we evaluated the between-unit differences in care manOpening of a RICU in a General Hospital 237 agement in a case-control study conducted on a subsample of acute respiratory episodes selected from the overall data set. First, all episodes of in-hospital death in the RICU and matched control episodes of in-hospital death in IMUs (the emergency medicine unit and internal medicine wards) were included. The matching criteria for control selection were age (within a range of 4 years), APACHE II score [7] [8] within 0.6, and lung injury score [9] within 0.5 of that of a patient admitted to the RICU with the same main diagnosis. At least seven of the eight criteria used for matching had to be fulfilled to select a control case.
The final sample size was calculated as the sample size needed to obtain between-unit significant differences in the mortality rate according to the mean value and variance of that difference in our data set. The calculated sample size was reached by adding to both cases and controls matched episodes with a nonfatal evolution in the RICU and IMUs. For each patient, we analyzed the following parameters: demographics, blood gases, PaO 2 /FiO 2 ratio, APACHE II score [7] at admission and the Charlson index to assess the weight of comorbidities [8] , lung injury score [9] , time to the first and second blood gas analysis, time to initiation of antibiotics, use of noninvasive ventilation (NIV) and/or chest physiotherapy, and administration of corticosteroids.
Statistical Analysis
Continuous variables were expressed as the mean ± standard deviation or as the median (interquartile range) according to data distribution. Categorical variables were presented as numbers and percentages. Between-unit differences in patient characteristics and care management were evaluated with analysis of variance or the Mann-Whitney U test for continuous data and with the χ 2 test for categorical variables. Logistic regression was used to evaluate the independent effect of the hospital setting on mortality and ICU transfers, adjusting for age, length of stay, and major comorbidities. The StatView package was used for data management and analysis (version 5.01; SAS Institute Inc., Cary, N.C., USA). All tests were two-tailed, and a p value of < 0.05 was considered significant.
Results

Observational Cohort Study on Mortality Based on Data from Hospital Discharge Abstracts
Overall, we identified 2,372 acute respiratory patients in the period of January 1, 2004 to March 31, 2005 among patients admitted to the University Hospital of Trieste with the main diagnoses of AECOPD, ARF, or CAP. Table 1 shows the patients' characteristics, diagnoses, and in-hospital outcomes according to the different hospital settings. CAP was the first diagnosis in 1,087 patients, of whom 117 were admitted to the RICU and 970 to IMUs. ARF was the first diagnosis in 685 patients, with 463 of them admitted to the RICU and 222 to IMUs. AECOPD was the first diagnosis in 600 patients, with 67 admitted to the RICU and 533 to IMUs. Major comorbidities and gender were not significantly different between the pa- 238 tients admitted to the RICU and those admitted to IMUs. However, patients admitted to IMUs were slightly but significantly older, whereas patients admitted to the RICU and the emergency unit had a higher frequency of chronic respiratory diseases other than COPD, obesity, and neuromuscular disorders. Chronic respiratory diseases other than COPD were more often combined in the patient population admitted to the RICU ( table 1 ) .
The in-hospital mortality rate and the frequency of transfer to the general ICU for intubation were significantly lower in the patients admitted to the RICU in comparison with both the emergency unit and the internal medicine wards ( table 1 ). In both the overall and survivor groups, the hospital stay was significantly shorter in patients admitted to the RICU than in those treated in IMUs, with no differences between the emergency unit and the internal medicine wards ( table 1 ) .
The significantly lower frequencies of death and transfer to the general ICU in patients admitted to the RICU were confirmed in subgroups of patients classified according to their main diagnosis ( table 2 ) .
The adjusted ORs for in-hospital mortality are reported in table 3 , comparing the patients admitted to the RICU and those admitted to IMUs. After adjusting for potential confounders (age, gender, and comorbidities), there was a clear and statistically significant increased risk of death for the patients admitted to IMUs, regardless of whether they were affected by CAP, AECOPD, or ARF ( table 3 ) . Moreover, the adjusted risk of transfer to the general ICU was lower in the patients admitted to the RICU than in those admitted to IMUs (OR 0.38, 95% CI 0.27-0.59).
Control-Matched Study in a Sample of Patients according to Hospital Setting
In the case-control study, a sample of 180 patients selected from the already described cohort of 2,372 patients was studied. In this cohort, 1,274 patients had complete clinical records and met all the matching criteria.
Only 31 of the 35 patients who died in the RICU had complete records and met all the matching criteria. Of the Data are presented as n (% of the total number in the same line). * Significantly lower frequency with reference to both non-RICU unit types (p < 0.05). , and 88.3 ± 3.9, respectively. The difference in DRG was not significant between the RICU and the emergency unit, whilst it was significant between the internal medicine wards and both the RICU and the emergency unit (p = 0.001). The use of corticosteroids, NIV, antibiotics, physiotherapy, and blood gas tests in the RICU and the other hospital settings is compared in table 5 .
The time to the second blood gas test, the interval before starting antibiotic therapy, and the interval before initiating mechanical ventilation were shorter in the RICU than in the IMUs ( table 5 ) . Moreover, physiother- * The DRG weight of patients admitted to the RICU and emergency unit was significantly higher than that of patients admitted to the internal medicine wards. 240 apy was used in most patients admitted to the RICU but only in a minority of those admitted to the IMUs. Corticosteroids for AECOPD, CAP, and ARF were also used more frequently in the RICU than in the other settings.
Discussion
The main finding of our study is that the presence of RICUs in general teaching hospitals may be advantageous in terms of reductions in in-hospital mortality rates, the need for ICU admission, and the length of hospital stay for patients with a main diagnosis of AECOPD, CAP, and ARF. Patients managed at the RICU had a significantly reduced mortality in comparison with both the emergency unit and the internal medicine wards. Our study also suggests that RICU admission may be associated with shorter times to the application of NIV and the administration of specific drugs, and more frequent arterial gas monitoring and chest physiotherapy, in comparison with what occurs in IMUs in the same hospital. From an organizational perspective, the RICU and the emergency unit may seem to differ much less as compared with internal medicine wards, but the RICU showed significantly different outcomes with regard to both emergency and internal settings. A dedicated specialized approach to acute respiratory diseases can make the difference. Our finding of better survival in patients with AECOPD and CAP admitted to a RICU is in keeping with the results of other studies from Europe and North America, which suggest that a specialized organization of care and the availability of resources are key factors in obtaining improved outcomes [4, 5, [10] [11] [12] .
Most of the studies comparing survival in patients with AECOPD and CAP applied benchmark methods to establish the quality of care in different hospitals. On the other hand, very few evaluated the impact of the different organization of care between different units within the same hospital after the opening of a new specialized unit devoted to respiratory patients. Franklin et al. [13] reported that mortality decreased on medical wards after the opening of a RICU, but no data were provided about mortality during the first months of operation of the new RICU. Fox et al. [14] demonstrated that opening a RICU helped to reduce readmissions to a general ICU.
The experience of our hospital shows that opening a RICU may increase the survival rate of patients admitted with ARF, AECOPD, and CAP. Furthermore, the RICU organizational model may improve the management of patients with ARF due to common causes, reducing the length of stay and the need for ICU admission and proving less costly than the ICU model, yet without affecting the outcome [15, 16] .
To date, NIV remains established as the first choice for mechanical ventilation of patients with AECOPD, and it is widely recommended that it be delivered in dedicated units by operators trained and experienced in its application [17] . The main advantage of the RICU for patients with AECOPD may be the timely and accurate use of NIV. According to the European Respiratory Society, the RICU (thanks to the presence of NIV-dedicated staff, the monitoring provided, and the expertise available) is an example of good management of hospital resources and allows the best outcome for AECOPD patients [6] . Nevertheless, some patients with AECOPD are still admitted to hospital units where NIV is not routinely available and used [18] [19] [20] . Our study confirms that the prompt and safe use of NIV may constitute an advantage of RICU admission for patients with AECOPD, added to the expertise and the better facilities that RICUs offer these patients. A British national audit on AECOPD showed that units run by respiratory specialists with a standardized high quality of care indeed record lower mortality rates and shorter hospital stays [21] . Since 1999, the Royal College of Physicians has recommended that at least four respiratory specialists per 1,000 hospital beds should be available in order to reduce AECOPD mortality rates [22] . Moreover, in hospitals that do not have a RICU, some patients are admitted to ICUs at higher costs and without any improvement of outcomes [23] .
In our study, we demonstrated that RICU admission led to improved survival in CAP and ARF patients, too. There are two possible specific explanations for the better outcome of CAP in patients admitted to the RICU: the time to the initiation of antibiotics was shorter and the use of corticosteroids was higher in the RICU than in the non-RICU settings. Timely and effective antimicrobial therapy is crucial in optimizing the outcomes of patients with CAP [24] . Moreover, the ready availability of fiberoptic bronchoscopy in RICUs may facilitate the recognition of the pathogens responsible for the most severe cases of CAP in order to guide the antibiotic therapy [25] .
The use of corticosteroids in CAP remains controversial in the literature [26] ; however, some years after a previous randomized controlled trial [27] , which showed a reduction of hospital mortality among severe CAP patients treated with prolonged low doses of corticosteroids compared with conventional therapy and placebo, our personal experience continues to be positive. Our study also showed that the patients admitted to the RICU Opening of a RICU in a General Hospital regularly received chest physiotherapy, whilst those admitted to IMUs did so only occasionally. The use of NIV was found to be similar in the emergency unit and the RICU, but patients admitted to the RICU underwent blood gas checks earlier than those treated in the other settings.
In Italy, the increasing prevalence of acutely decompensated respiratory diseases in the face of a shortage of ICU beds has prompted a growing interest in RICUs [28] . The last three decades have seen an increase in both the number and the expertise of Italian RICUs, with a shift toward less expensive care and greater complexity of interventions and patient dysfunctions [29] . A recent national survey found that the patients most frequently admitted to Italian RICUs were those with acute-onchronic respiratory failure, particularly AECOPD, obesity hypoventilation, and chest-wall disease [29] . The present study, on the other hand, showed a higher frequency of RICU admissions for ARF and CAP, revealing that the Trieste hospital pulmonologists choose to manage a certain category of critically ill patients who, in other Italian hospitals, are usually managed by intensivists or emergency physicians [30] .
There currently exist various hospital care models for patients with ARF. The present study showed that opening a RICU in a general hospital may be an advantageous move also for patients with CAP and ARF. Before the opening of the RICU at the teaching hospital in Trieste, the pulmonology ward was located in a separate building -an old sanatorium previously devoted mainly to the treatment of patients affected by tuberculosis. The results of our study suggest that opening a RICU in a general hospital is useful for obtaining superior outcomes in acute patients. Furthermore, the new unit required practically no investment from the hospital, given that the savings made by closing the old sanatorium largely covered the costs of opening the RICU.
Study Limitations
The limitations of this study are related to its observational design, the time elapsing between the occurrence of the acute respiratory episodes and the data analysis, and the lack of 30-day mortality data. Generally speaking, prospective pragmatic clinical trials of health service interventions may also present bias and limitations as already observed, e.g., in the field of stroke management [31] . For example, assessments in prospective trials cannot be truly blinded, because location identifies allocation and observers might rate the care provided in one unit more favorably than that provided in others. In the present context, the assessment could have been influenced by patient allocation to emergency department care and/ or by the physicians' decision to transfer patients to the ICU or to the RICU. Just after the opening of a new RICU, the emergency room team referred the most severe respiratory patients to the RICU or emergency unit on a bed availability basis only, whereas the less severe patients were admitted to medical wards. In fact, the differences in the DRG figures were not significant between the RICU and the emergency unit, but only internal medicine wards reported a reduced DRG weight compared with the other units.
The main advantage of the present study's design is that it gives insight into a real-life situation with organizational implications for the management of acute respiratory patients in general hospitals. It must also be pointed out that treatments for patients with AECOPD [32] , CAP [33] , and ARF have not substantially changed over the past 10 years, with the exception of the introduction of extracorporeal membrane oxygenation, which is reserved for a limited number of ARF cases refractory to the usual therapy, most of them directly admitted to general ICUs. Thirty-day mortality could have better face validity than in-hospital mortality. In fact, a premature hospital discharge could limit the in-hospital mortality assessment, while a prolonged hospitalization and related injuries may affect in-hospital mortality data [34] . Nevertheless, the measure selected for internal benchmarking should depend primarily on the data linkage capabilities of the health care system and less on mortality timing [35] .
However, even taking into account the above limitations, the reduction of the mortality rate in the RICUtreated patients was quite large and is an interesting finding that merits further attention.
Conclusions
The opening of a RICU in a general hospital may be advantageous not only to improve the in-hospital mortality, but also to decrease the frequency of transfers to general ICUs and the hospital stay of patients with AECOPD, CAP, and ARF. Better use of mechanical ventilation, antibiotic treatment, corticosteroids, and care resources seems to be the key factor contributing to successful patient management in this setting. 
